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Dear Jushua, 

I am sorry to be so slow in answering flurletter,with its many 
queries. Befding so late permits me to w ish you a good new year,which I do 
gladly. 

I shall proceed first to the business of replying to some of the 
pointa which you raised In your lengthy letter. First of all,about the 
introduotory remarks In my JEM paper; I do not believe that there 1s any 
adequate evidence which proves that baceeria have genetic systems compar- 
able to those of higher organisms. What you consider as conclusive proof, 
I find inadequate as proof. In fact,1 believe it is w ishful.1 thlnkingoto 
go so far as you do. I think you aru too eager,as a result of your work 
on E. coli,to accept thb evidence which you cited to me,ln support of 
your position w ith regard# to your own experlments. Let us examine the 
case of the antigens which may be digested off of the bacteria w ith enzyraes. 
It la something w ith which I am famillar,and can see the limitations of,ift".. 
as support for your oonvlctlone about its significance. Enzymatic treaf;tient 
does not destroy the power of the bacterium to reform its surfacs structure. 

, enzymatic trextment does not destry, 
8,d"tXtfa to induce antib 

either, the capacity of these 
odiee aRainst the cellular componenbs which werw 

Bupposedly removed by the treatment. The conclueflbn of this,is,I think,rhat, 
not all of these antigena la removed by the enzymatic treatment. Thus,at no 
point do you have bacteria capable of synthesizing these antlgene,and yet 
which are lacking these antigens. It should be added that even when the 
8nzymRtic treatment is carried out on dead bacteria,not all of the antigen 
can be removed,and h8nC8 the traces which are presumably left cannot be 
due to a rapid resynthesis after r8moval of the enzyme. I do not believe 
that this evidence lndicatee at all the separatertess of the ant&en from 
the genetic mechanism which deternines its presence. This criticism cer- 
tainly applies in the aase of the polysaccharlde antigen 0f.g pneumococcus. 
ff it is foun~:~hati,a,treptococcl treated w ith pllroteolytic enzymes lose 

.i:,the M antigen,it should be added that the Y antigen Is a poor one,and on8 
C" 'must not overlook the poesibllllty that the apparent absence of the antf- 

g8n after enzymatic treatment is due to the small amount which is left, 
As for the flagella which can be shaL8n off,and which regenerate,agaln one 
must be very reserved. Are they totally removed,or are they simply broken 
off at their base? ff they are broken off at the base,does this mean that 
the gene and the flagellar substance are really separate things? Ae to 
adaptive enzymes,agaln,are they totally absent in the brcterlum,or pr8sent 
only in reduced amounts7 or present a8 precursors ? Ther8 are interpretations 
of all of these phenomenon other than the one you propose,which might be 
Invoked to explain the results observed. Thus,one cannot call this kind of 
evidence unequivocal, As to giving the bacteriologists consolation for their 
rc-jlstanc8 to the new ideas introduced by geneticists,the point doesn't 
1 ,erest me. I am Interested In trying to be objective about the preeent 
state of the questions lnvolved,and In my introduction I have 8Xpr8Ss8d 
how It adds up for me at present. The geneticists in bacterfologlcal work 
are behaving In an unscientific fashion,on the whola,because theyseem to 
feel that they have to fight the reactionary views of bacteriologists, Such 
an attitude ia fins for politics,but poor for science. However right gsne- 
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to make a tight case for their arguments. 
When these data are good enough,there w ill 

13. RUE PIERRE CURIE. PARIS v” be no trouble In having these-views accepted. 
Naturally I am delighted that you were 
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invoke "Interaction" 
them in de&ail. You a% whether it is necessary to 
to explain the results of certain transformations, 

I am not prepared to say very much about that yet,since it is the subject 
on which I am working at present. For the moment it looks as though I shall 
have to explain these purtlcular transformations as interactions between 
a TP In the bacterium already,and one introduced from the environment, We 
shall see,Whough,l hope,whether this is the caseIbefore so very long. 
I agree that the existence of this interaction is difficult to reconcile 
w ith the notion of allalism, Rut you w ill notice that the only aspect of 
alleliam which I want to borrow from genetics a,t the moment is the notion 
that alleles are derived by mutation from we genetic deter- 
minant. Th8,fact that one nev%r observes Interaction --I.e. what Llndegren 
calls contamination,lf I remember correctly -- in heterozygotia may be 
very well due to the orderly fashion in which chromosomes reproduce them- 
331V83. Genetically active substances,comp:.~rable to our TP,may never be 
so mleplaced In higher organisms as to interfere w ith the purity of each 
gene. 

Now as to the inhibition by antiserum. 
I “rediscovered” 

This la a phenomenon which 
,since it had been more or 1833 forgotted that'?$eciflc 

xntlbody inhibits transf,>rmationa of R  to S. I don't see what unpublished 
axperiments you want me to publish on the subject. Is a table any more 
convincing thati the statement that you cannot get transformations In the 
presence of specific antibody,in transformations of R  to SIII? You may 
knoi that editors get very fussy if you give them too many tables. Actually, 
it is a relatively unimportant part of the proof that rare R  mutants of 
the SIII-1 strain cannot be responsible for the transfonnationa of this 
strain to SIII-N. If you regard the titrations published,you w ills see 
that it takes leas transforming prlnclple to transform the SIII-1 bacteria 
to SIII-N than it does to transform R to SIII-'ET. Such ttitrations could 
not be obtained if the SIII-1 to SIII-tl transformation depended upon the 
formation of a rare apontaneoua R mutant in the population. It is simply 
impossible. If MacLsod haq been able to do in vitro tranaformations mth 
his SII mutant,and show the same quantitative relations,I should never 
have uritlcised his concluslona. As to your suggestion that the SIII-1 
bacteria can adsorb out all of the Type specific antibody,and thereby 
permit the transformation of rara R  mutaUs,it isn't really to be SeriouSly 
considered,becauee you can transform SIII-1 to SIII-N in the presence of 
large amo?nts of Type III antlbody,in which both seeded cells and trans- 
formed pro&eny stay agglutinated. It works very well,ln fact, F 'urthermore, 
returning to the poaslbl8 role of R  mutants in this transformation,one 
would have t,o suppose that thesd muttits are frequent enough so that 
alrays after 4-5 hours' growth sufficient of them are present and in the 
sensitlzad atats to react w ith the TP u-lthin as short a time interval as 
5 minutes. YOI+ just can't get this sort of results if your transformation 
is based upon th8 effective encounter of a rare R  mutant w ith the TP,whlch 

a not present,Ln very great concentration either,nfldp -Fe X-&& 
-+-T -k-f-YYT d&c-n;. s57;;-//j7+4. 

Now as to interpretation of the reciprocal transformations. You 
ar8 welcome to make any hypotheals which pleases you. I have only presented 
one which I febl la plausible. As to the ingenious theory which you 
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--opose,I think that you have neglected the fact that the ER TP,like the 
L. TP seems to be a desoxyrlbonucleic acid. 
feel quite differently about your theory. 

If It were a protein,1 should 
Both entitles being composed of 

the same chemical substance,1 feel that they are probably attatched in the 
C81l to the same kind of substance 
the same protein. 

-- probably a proteln,and perhaps even 
-w-w----- You suggest an hyp&MsW 

ER transformations, 
to test your theory of the ER to R,R to 

It follows very well from your hypothesls,according 
to which one should try to see if the ER principle competes with the ER 
bacterium for the R principle. While this experiment is feaeable,I shouldnt 
know how to interpret the result8 it might bring, Yost certainly one would 
observe a dlminutlon In the power of the R transforming prinolple to trans. 
form ER. But in which sense la the competition taking place? One might 
also interpret it as meaning that both ER TP and R TP,in the environment, 
are competeing for the same receptor in the ER bacterium. DNA preparations 
which are Inactive In transformations do Inhibit the action of the 
SIII transforming princlple,and presumably because there iti competition 
somewhere in the Waneforming mechanlam -- competition between the active 
and Inactive DNA. It is possible that the S8n8itiz8d cell gets"aaturated" 
with Inactive IPNA molecules,and that the active ones have too little chance 
for reacting with the sensitized pneumococci. You 888,it is not 80 simple, 

You speak of competition between transforming principles. I agree 
that there is reason to wonder If the terra might not apply in some cases. 
However,1 am loathe to borrow the term. I do not believe Cat one gains In 
clarity by borrowing a term from a dlscipline,where it ha8 a well deffned 
Ir*antng,and using this term for a phenomenon which may be entierly unrelated 

spetltion has been taken from enzyme chemistry by the workers in vitamin 
research,for dealing with vitamin analogues. Thfs may be juatified,for the 
quantitative result8 of the vitamin work would support this. But there is 
a very big difference b8tW88n the substrates and the vitamins and the 
analoguee of enzyme Chemistry and vitamin reeearch,and our TP molecules. 
The former are small molecules,which may be supposed to obey the establi- 
shed kinetic laws,but the latter are not. I don't imagin#s that ordinary 
kinetics,whlch depends so much on thermal aggitatlon,fite molecules of the 
dimensions of the TPs. Superficially@he traneformation in question might 
suggest a competition for a locus in the bacteriti,and differences In affin- 
ities,but I am inclined to believe that to label it such may be unjustified. 
Perhaps it even obscurs some very interesting aspects of the phenomenon. 

I see in glancing up at what I have Just wrltten that I have already 
confused two notiona of competition". 
the"competition" 

In the next to the top paragraph, 
is not the same as that referred to in the paragraph Just 

proceeding. In the one case,one really means lnterference,and in the second 
one means competitive inhibition,and thelje are not really the same thing, 
Interference may not be due to competitive inhibition. How easy It is to 
go astray. 

As to Yacleod and Austrian's transform:itions,I would like to know 
myself whether or not they are the same as the ER to R transformations. I 
am too budy to anything about it myself. 

Now turning briefly to the queatlon of oytoplasmic hereditary 
units. For the moment there Is so little to go on,1 don't think It north 
speculating at any length as'to whether the transformations are cytoplas- 
"c or nat. As far as I can see,most bacterial mutation phenomena can be 
,,,terpreted equally well as c!ytoplasmic or nuclear event0,since as far 
as I know,there ha6 been no real correlation demonstrated between nuclear 
events and genetic events. Inde&d,ls in not possible to imagine that some 
of the phenomena you describe are cytoplasmic? For example,how can you be 
sure that the "block of genes" which are systematically lost together in 
lt12 am not.on a cytoplasmic @%'lti8 which gest lost fatply frequently 



ng divloion? 
As to the number of Characters which may be present In the TP,as 

- a8 I am concerned,the more the better. 
@e-are studying is not so esoteric. 

It only tends to show that what 

I do find two things disturbing in your papers and letter. One Is 
the urge you have to make a uniform picture of genetic systems in bacteria 
and higher organisms. I don't think you have been skeptical enough in print 
of your own interpre&ationa. Nor the recombination phenomenon you describe 
is becoming alarmingly complicated,and one Is wondering whether the event8 
really are at all like the hybridbzations found in higher plants and anlmala. 
Perhaps the complications are a fartunate event;certainly so,lf it compels 
you to reaxamlne th8 basic supposition that you ar8 dealing with a real 
hybridization. Perhaps It wa8 unfortunate that you happened onto such 
exciting material so young in life.Who knowe,maybe If you had b88n 15 years 
older you would. not have tlslsd to force your dlscover$es into a conventional 
mould. The second diaturbing thing Is really an outgrowth of the first. 
It is an excessive rationAlizlng about things. There is nothing which can 
replace 8xp8rlments. One has the feeling that you are so impatient to con- 
struct a unified picture of heredity -- identify your work with the gr8at 
trend 

e 
of genetics --that you cannot Walt to perform experlmsntS,but must 

const dt the system on slender 8Vid8nC8 and tremendous r'%tiOnaliZatiOn. 
Just think how much?& more exciting It would have been to discover a totally 
new kind of mechanism for genetic recombination', Hybridization is an old 
etick: You are a strange combination of urgee,lf you will forgive my 
saying 80. The urge to find something new,crippled by the urge to force the 
new Into an old pattern, I have enough of thle mixture myself to have 
SOm8 f88llbng f 

% 
what It is. 

Things re fine here on the whole. Our new institute is going to 
te ready for us to move in next fall,if all goes Well. We are very eager 
for the mov8,sInce we are terribly crowded. It should be really very nice. 
I shall have some very much needed facilltlea,whlch are going to simplify 
my work considerably. A sterilizable sharplee' C8ntrifUg8,and more ads- 
quate constant temperature rooms. We shall have very comfortable labs, Not 
luxuriously beautlful.,but very ad8qUat8, 

We hope very much to come to th8 States next fall,for the New Haven 
congre8sb Money Is very much a question,stlll. The French cannot do much 
in the way of supporting a trlp,and we are stlll,walting to hear if the 
congress is going to live up to its Invitation financially. All depends on 
that. We shall certainly come through Madleon,where I have relatlvea;and 
where we shall want to Visit in any Ca88. So if you are no3 at the congress, 
we shall proably see you anyway,lf you are going to be in Madison from the 
end of September on. 

Well,really this Is enough to Writ8 at one time: 

With b8St wishes to both you and Esther. I am glad to hear she 
has done so well with her work. It is very nice to live with Someone who 
und8stands what it Is all about,len't it? 

Sincerely, 


